333.9/ 

H-73 


•STATF 


'TW 


TS 


DEVELOPMENT  OF  AN  "OPERATIONS"'  MODEL  FOR 
MOOTAIIA'S  WATER  RESOURCES 


MIDDLE  CREEK  RESERVOIR  OPERATION 


JAN  1  5  1975 


AAONTA:NAcrArEuORARY 

^•^0£osflvndalaAv,„„e 
'le'ena,  Monfana  59601 


Mom  tarn  UMiversity  Joint 


Water  Resources  Research  Center 


Montana  Stale  Library 


3  0864   1004  6974  4 


DEVELOPMENT  OF  AN  "OPERATIONS"'  MODEL  FOR 
MOOTAl'J/i'S  WATER  RESOURCES 


MIDDLE  CREEK  RESERVOIR  OPERATION 


by 

Theodore  T.  Williams 
and 
G.  V.  V.  Rao 


"This  publication  constitutes  the  Completion  Report  for  Office 
of  Water  Resources  Research  Project  A-056-IIOWT.   The  work 
reported  herein  is  being  continued  as  Office  of  Water  Resources 
Research  Project  B-G38-li01TT." 

"The  work  upon  which  this  publication  is  based  was  supported 
by  funds  provided  by  the  United  States  Department  of  the 
Interior  as  authorized  under  the  Water  Resources  Research  Act 
of  1964,  Public  Law  88-379." 


HONTAlNiA  STATE  UIHVERSITY 
Bozeman,  Montana 


September,  1973 


DEVELOPMENT  OF  AN  "OPERATIONS"  MODEL  FOR  MONTANA'S  WATER  RESOURCES 
MIDDLE  CREEK  RESERVOIR  OPERATION 


by 


Theodore  T.  Wllliatas,  Professor 
Department  of  Civil  Engineering  and  Engineering  Mechanics 
Montana  State  University 


and 


G.  V.  V.  Rao 

Graduate  Research  Assistant 

Department  of  Civil  Engineering  and  Engineering  Mechanics 

Montana  State  University 


INTRODUCTION 

Throughout  Montana  and  across  the  nation  the  insatiable  demands  for 
water  become  greater  and  greater  each  year.   Even  in  a  water-rich  state  like 
Montana,  there  are  many  areas  where  water  shortages  have  become  more  and  more 
frequent  and  prolonged  in  receat  years.   The  needs  of  an  expanding  population, 
coupled  with  ever-increasing  per  capita  use  of  vjater  make  it  imperative  that 
those  agencies  responsible  for  managing  this  vital  resource  have  at  their 
disposal  every  tool  that  will  help  them  do  the  most  efficient  and  effective 
job  possible. 
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The  Water  Resources  Division  of  the  Montana  Department  of  Natural 
Resources  and  Conservation  (successor  to  the  State  Water  Conservation  Board 
and  more  recently  the  Montana  Water  Resources  Board)  has  been  a  ciajor  factor 
in  the  development  of  water  resources  in  Montana.  A  total  of  181  projects 
(45  of  them  major)  including  storage  dams,  diversion  works,  canals  and 
structures,  located  in  50  of  the  state's  56  counties,  have  been  constructed 
in  whole  or  in  part  by  this  Agency.   At  one  time  or  another  the  Department 
has  been  directly  or  indirectly  associated  with  773  separate  projects,  and  at 
present  has  direct  interest  in  about  100  projects.  Each  project  is  a  separate 
enterprise,  paid  for  by  local  users,  and  ultimately  (after  construction  costs 
are  repaid)  each  will  revert  to  local  ovmership.  Host  Department  projects 
were  constructed  as  single-purpose  irrigation  units. 

Until  the  present  time,  the  Department  projects  have  enjoyed  a  high  degree 
of  autonomy,  with  the  Department  providing  mainly  advisory  and  engineering 
services.   Day-to-day  operations  have  been  controlled  by  local  boards  of 
directors.  The  various  projects  are  regulated  according  to  their  water  rights 
through  the  District  Courts  of  the  State,  but  such  regulation  does  not  con- 
stitute management  to  achieve  optimal  or  multiple-purpose  benefits.  With  the 
present  impetus  toward  v/ater  conservation,  and  with  the  mandate  given  the 
Department  by  the  State  Legislature  (in  1967)  to  develop  and  administer  a 
State  Water  Plan,  it  is  evident  that  the  Department  is  going  to  have  to  play 
a  more  active  role  in  the  day-to-day  operation  of  its  ovm  projects,  and  must 
prepare  for  the  day  when  it  v/ill  have  to  supervise  the  operation  of  non- 
Department  projects  as  well. 

In  1970  a  proposal  was  submitted,  asking  for  matching  funds  (Section  101) 
to  conduct  research  aimed  at  the  development  of  a  'reservoir  operations  model." 
The  model  would  be  a  series  of  mathematical  relationships  programmed  for 
solution  on  a  digital  computer.   It  would  incorporate  operating  rules  and 
guidelines  for  each  of  the  reservoirs  in  a  given  drainage  basin,  together  with 


current  and  historic  hyclrologic  information,  and  would  provide  instructions 
for  regulating  the  major  components  of  the  Water  Resources  Division  projects. 

The  original  proposal  was  not  funded;  but  in  1971  the  Montana  University 
Joint  Water  Resources  Research  Center  made  funds  available  under  the  Center's 
allotment  program  for  a  one-year  first-phase  or  "pilot"  study.  After  dis- 
cussions with  engineers  of  the  VJater  Resources  Division  and  the  U.S.  Soil 
Conservation  Service,  and  because  of  the  limited  time  and  funding  available, 
it  was  decided  to  limit  the  study  to  preliminary  analyses  of  one  single- 
purpose  reservoir.   Hyalite  Reservoir  on  Hyalite  Creek  (or  Middle  Creek)  in 
Gallatin  County,  Montana,  was  selected  for  study. 

HYALITE  RESERVOIR 

Hyalite  Reservoir  was  constructed  by  the  State  Water  Conservation  Board 
(predecessor  of  the  Water  Resources  Division  of  the  Department  of  Natural 
Resources  and  Conservation)  as  a  U.S.  Public  Works  Administration  project. 
It  was  completed  in  1951.   Individual  users  and  groups  of  users  (all  farmers 
except  for  the  City  of  Bozeman)  in  the  Gallatin  Valley  entered  into  contracts 
with  the  Board  whereby  the  users  reimburse  the  Sta^.e  for  the  State's  share  of 
the  construction  costs ^  and  pay  the  operation  and  maintenance  costs  for  the 
project.   Each  contract  specifies  a  volume  of  water  (in  acre  feet)  to  which 
the  user  is  entitled  each  year.   This  water  is  available  to  hia  from  the 
reservoir  on  call. 

Appendix  A  shows  a  list  of  users,  and  the  volumes  of  water  for  which 
they  have  contracted.   A  total  of  7,795  acre  feet  per  year  has  been  contracted. 
The  reservoir  has  a  useful  storage  capacity  of  8,030  acre  feet  (U.S.  Geological 
Survey  figure) . 

The  users  are  organized  into  the  Middle  Creek  Water  Users  Association, 


governed  by  a  Board  of  Directors  elected  annually.   The  present  secretary  of 
the  Board,  Mr.  A.  C.  Manry,  directs  the  operation  and  maintenance  of  the 
project. 

GENERAL  STRATEGY  FOR  STUDY 

Generally,  developing  optimum  operation  rules  for  a  reservoir  consists  of 
the  following  phases : 

(1)  Collection  and  compilation  of  inflow  data.   If  sufficient  data  are 
not  available,  devise  a  method  to  generate  synthetic  data. 

(2)  Identify  the  various  purposes  for  which  the  reservoir  releases  are 
being  used  and  develop  a  common  measure  of  effectiveness. 

(3)  Devise  optimization  methods,  which  will  optimize  any  given  objective 
using  the  above  inflows  and  subject  to  any  restrictions  imposed  by 
the  physical  conditions  of  the  reservoir  like  the  size,  discharge 
capacity,  etc.  and  policy  of  the  management  like  fixing  priorities 
between  the  various  users,  etc. 

STUDIES  MADE  IN  CONNECTION  UITK  HYALITE  RESERVOIR 

Reservoir  Inflows 

In  connection  \-rLth   specific  studies  for  Hyalite  reservoir,  the  first 
phase  itself  created  some  problems.   There  is  a  U.S.G.S.  gaging  station  about 
7  miles  dovmstream  from  the  reservoir  on  Hyalite  Creek  (USCS  Station  06050000- 
MSU  Data  Bank  Number  41H03291-Hyalite  Creek  at  Hyalite  Ranger  Station  near 
Bozeman) .   Records  of  flow  at  this  station  are  available  from  1935  to  the 
present.   However,  the  natural  flows  have  been  affected  by  the  operation  of 
the  reservoir  since  1951.   The  only  data  available  with  regard  to  the  operation 
of  the  reservoir  v/ere  the  monthly  contents  of  the  reservoir  as  recorded  by 


the  U.S.G.S.  (USGS  Station  0604S/500-MSU  Data  Bank  Number  4lH93290-lIiddle 
Creek  Reservoir).   Witli  the  help  of  this  data,  it  was  possible  to  reconstruct 
the  natural  flows  at  the  gage  site  on  a  monthly  basis  since  the  construction 
of  the  reservoir  by  adding  changes  in  reservoir  contents  to  the  flow  volume 
recorded  for  that  month  at  the  gage.   This  reconstructed  data  was  tested  by  a 
double  mass  analysis.   The  natural  flows  recorded  at  the  Hyalite  gage  before 
construction  of  the  reservoir  (1935-1951)  and  the  reconstructed  natural  flows 
(1951-1967)  were  compared  with  flows  recorded  during  the  same  period  in  the 
West  Gallatin  River  at  Gallatin  Gateway.   The  correlation  between  the  flows 
was  striking  (see  Figure  1  and  Appendix  B) . 

Another  effort  made  was  to  sjTithesize  data  from  the  natural  flows  avail- 
able from  1935-50.   Using  the  statistics  of  the  flows  for  these  16  years,  the 
following  model  from  the  Harvard  Water  Program  as  published  in  "Design  of 
Water  Resources  Systems,"  was  adopted  for  generation  of  flows. 

where  Q.  .  =  flow  generated  for  year  i  and  month  j 

j  =  month 

i  =  year 
Y.  =  correlation  between  natural  flows  for  month  j  and  month  j+1 
a.    =  standard  deviation  of  natural  flows  for  month  j 

As  a  trial  16  more  years  of  flow  x^ere  generated.   Hydrographs  of  natural  flox; 
and  sjmthesized  flox/  are  shoT;ra  in  Figure  2,  for  comparison.   The  line  labelled 
'natural  flows"  was  obtained  from  the  average  monthly  flows  vzhich  occurred 
for  the  16  years  1935-1950  inclusive.   The  line  labelled  "synthesized  flows" 
v/as  obtained  from  the  average  monthly  flows  which  were  generated  for  16  years 
by  the  synthesis  technique.   There  seems  to  be  striking  agreement  between  the 
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FIGURE  2 

Hydrographs  of  Natural  and  "Synthesized" 
Flows  at  Hyalite  Ranger  Station 


("Natural  Flows"  average  of  16  years 
1935-1950;  "Synthesized  Flows"  average 
of  16  years  generated  data) 
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two  hydrographs,  though  the  "generated"  flows  seem  to  indicate  slichtly  higher 
peaks . 

In  further  analyses  reported  herein,  the  flows  as  reconstructed  from  the 
double  mass  analysis  with  the  Gallatin  River  are  used.   If  future  detailed 
analyses  requiring  several  sequences  of  flows  should  be  attempted,  the 
procedure  for  synthesis  of  flows  described  above  could  be  used. 

IJhile  the  double  mass  analysis  described  earlier  established  a  reasonably 
good  method  for  computing  the  natural  flows  at  the  gage  site  in  spite  of  the 
reservoir,  estimation  of  the  amount  of  inflov;  into  the  reservoir  presented 
more  difficulties.   Two  branches  of  Hyalite  Creek,  viz,  the  West  Fork  and  the 
East  Fork,  feed  into  the  reservoir.   ^sThile  limited  observations  of  flows  (in 
the  summer  months  of  1966-69)  are  available  on  Uest  Fork,  the  flows  in  East 
Fork  were  measured  in  a  Parshall  flume  only  during  the  summer  of  1969.   The 
flov;s  in  the  Uest  Fork  were  subjected  to  double  mass  analysis  with  flows  at 
the  downstream  gage  and  with  flows  in  the  West  Gallatin  River  at  Gallatin 
Gateway  (Figure  3) .   From  this  analysis  it  appears  that  a  fair  estimate  of  the 
flows  in  the  West  Fork  can  be  taken  as  A5%  of  the  adjusted  flow  at  the  down- 
stream gage. 

Studies  made  by  Fhil  Fames  (U.S.  Soil  Conservation  Service)  and  by 
Michael  VJatson  (ilSU)  indicate  that  the  total  inflow  into  the  reservoir 
is  about  64%  of  the  adjusted  flow  at  the  doxinistream  gage.   Fames  used 
snow  survey  data  in  working  out  a  water  budget  for  the  basin j  Watson  compared 
Hyalite  flows  \<rLth.   flows  from  Sourdough  water  shed  (a  sir.iilar  basin  adjacent 
to  Hyalite  on  the  east) . 

Using  this  proportion  the  inflows  into  the  reservoir  were  estimated  on 
a  monthly  basis. 
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A  computer  program  was  written  for  this  phase  of  the  work. 

Appendix  B  shows  the  monthly  inflows.   Appendix  C  shows  Snow  Survey 
measurements. 

Reservoir  Uses 

The  reservoir  is  used  by  members  of  the  Middle  Creek  Water  Users 
Association.   The  primary  use  is  irrigation,  but  the  City  of  Bozeman  has 
contracts  for  2510  acre  feet  (nearly  1/3  of  the  reservoir  capacity)  for  muni- 
cipal vrater  supply.   There  is  some  recreation  use  of  the  reservoir  itself, 
particularly  from  residents  of  the  City  of  Bozeman.   Late  sumn;er  flows  in 
Hyalite  Creek  downstream  from  the  reservoir  are  augmented  by  reservoir  releases 
thereby  enhancing  fishing  and  other  recreation  use  along  the  stream. 

With  proper  reservoir  regulation  a  limited  amount  of  flood  control  may  be 
possible  downstream  from  the  reservoir.   The  maximum  discharge  observed  at 
Hyalite  Creek  at  the  Hyalite  Ranger  Station  was  956  cfs  (in  1898).   Since 
construction  of  the  reservoir  in  1951  the  discharge  has  reached  866  cfs  once 
(in  1970)  and  600  cfs  twice  (in  1959  and  1968).   (Reference  -  USGS  records.) 
The  1959,  1968  and  1970  flows  apparently  caused  no  flooding  problems. 
Bozeman  newspapers  published  during  the  high  flow  periods  for  each  of  the 
three  years  were  searched  for  reference  to  flooding.   The  Hay  19,  1970  Bozeman 
Chronicle  reported  flooding  elsewhere  in  the  Gallatin  Valley,  and  alluded  to 
flood  potential  in  the  Hyalite  dainage,  but  subsequent  issues  did  not  report 
any  Hyalite  flooding.   The  Gallatin  County  Tribune  for  December  26,  1968 
reported  flooding  in  Hyalite  Canyon,  but  this  was  a  result  of  ice  jams  and 
occurred  at  a  time  when  flow  at  the  Hyalite  Ranger  Station  was  only  20  cfs. 
(See  newspaper  accounts.  Appendix  D) . 
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Reservoir  Filling  Operations 

The  objective  of  an  irrigation  reservoir  operator  with   respect  to 
reservoir  filling  is  to  achieve  a  full  reservoir  by  the  end  of  the  snovmielt 
runoff  period.  The  most  common  operations  practice  is  to  fill  the  reservoir 
with  the  first  water  melted  in  the  spring.  Any  snotraielt  in  excess  of  that 
required  for  filling  is  then  passed  over  the  spillway.  This  practice  has  a 
two-fold  disadvantage.   First,  the  reservoir  is  often  full  before  the  peak 
snowmelt  discharge  occurs,  and  the  peak  must  be  passed  undiminished  over  the 
spillway,  perhaps  to  cause  flooding  dox-mstream.   (Presence  of  the  reservoir 
can,  under  some  circumstances,  produce  even  higher  peak  flows  do\<aistreara  than 
would  have  occurred  without  the  reservoir).   Second,  the  peak  flow  may  be 
great  enough  to  endanger  the  spillway  itself. 

Snow  survey  measurements  have  been  made  in  Ilontana  since  1922.  The  snow 
course  network  has  been  greatly  expanded  and  procedures  have  been  improved 
and  standardized  by  the  U.S.  Soil  Conservation  Service.   Streamflow  forecasts 
(based  on  multiple  regression  techniques)  are  made  available  by  the  SCS  as 
of  the  1st  of  iiarch,  1st  of  April,  and  1st  of  May  each  year.   Using  the 
streamflox<r  forecasts,  it  should  be  possible  to  effect  considerable  flood 
mitigation  in  high  runoff  years.   If  it  is  evident  on  the  1st  of  March  that 
the  snowpack  is  well  above  normal,  then  the  early  snoi^xmelt  could  be  released, 
and  high  flows  during  the  peak  of  the  melt  period  could  be  stored. 

Two  snow  course  stations  in  the  Hyalite  drainage  above  Hyalite  Reservoir 
have  been  operated  since  before  construction  of  the  reservoir.  These  are 
Hood  Meadow  and  Devils  Slide.   Figure  4  shows  the  average  water  content  in 
the  snow  at  these  two  sites  on  the  1st  of  April  and  1st  of  May  each  year, 
plotted  against  April-July  and  May- July  adjusted  streamflow  volume  measured  at 
the  Hyalite  Ranger  Station.   Figure  4  shows  fair  agreement  for  most  years 
between  snow  pack  water  content  and  streamflow  volume.   Figure  5  shows  a  plot 
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of  April  1st  forecasts  of  April- July  streamflow  volume  vs.  April-July  actual 
flows,  and  I'lay  1st  forecasts  of  Hay-July  streamflow  volume  vs.  I-Iay-July  actual 
flows.   (All  f loirs  have  been  adjusted  to  reflect  changes  in  Hyalite  Reservoir 
storage) .   Figure  5  shows  rather  good  agreement  between  predicted  and  actual 
flows. 

Montana  Snow  Survey  Supervisor  Phil  Fames  reports  that  other  factors 
besides  snow  pack  information  may  be  used  in  the  streamflow  prediction  formula; 
he  also  indicates  that  the  formula  used  is  revised  frequently.   The  snow 
course  network  in  the  Hyalite  drainage  has  been  expanded  considerably  since 
1951  and  now  includes  5  stations.   Fames  declined  to  release  the  prediction 
formula  currently  in  use  for  Hyalite. 

Flood  Mitigation  by  Reservoir  Filling  Management 

The  preceding  information  suggests  a  method  Xi/hereby  filling  of  Middle 
Creek  Reservoir  could  be  delayed  until  late  spring,  thereby  reducing  the 
snowmelt  flood  peak.   The  method  proposed  is  based  on  the  following 
assumptions: 

1.  Unless  the  April  1st  streamflow  forecast  is  exceedingly  low,  no 
reservoir  filling  is  necessary  before  May  1.   (April- July  streamflow  predictions 
1955-1971  were  never  less  than  25,000  acre  feet  and  April- July  adjusted 
streamflows  for  the  same  years  were  never  less  than  20,000  acre  feet  —  2.5 
times  the  capacity  of  the  reservoir) . 

2.  The  reservoir  is  to  be  full  by  July  1  each  year. 

3.  May- June  predicted  inflow  to  the  reservoir  is  obtained  from  the 
May  1  streamflow  forecasts  by  the  following: 
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0.78[0.64  (May- July  Streamflow  Forecast)] 

(See  earlier  discussion  indicating  reservoir  inflov;  is  about  64%  of  adjusted 
Hyalite  Ranger  Station  flow,  July  inflow  for  years  1951-1971,  expressed  as 
a  percentage  of  May- July  inflow  ranged  from  12.4%  to  30.4%  with  the  average 
being  22.0%.) 

4.   Cumulative  reservoir  inflow  after  Hay  1  can  be  obtained  from: 

Z[0.64  (Hyalite  Ranger  Station  Flow  +  Reservoir  Gain  -  Reservoir  Loss)] 

Reservoir  inflow  yet  to  come  (prior  to  July  1)  is  obtained  by  subtracting 
the  cumulative  reservoir  inflow  (assumption  4)  from  llay-Juns  predicted  inflow 
(assumption  3) ,   It  should  not  be  necessary  to  store  any  water  in  the  reservoir 
until  the  ''inflow  yet  to  come'  calculation  drops  to  8000  acre  feet.  At  that 
point  all  inflow  should  be  stored.   The  36%  of  "Hyalite  P^n^er  Station"  flows 
originating  below  the  reservoir  should  be  adequate  in  most  cases  to  meet 
dotmstream  user  demands  during  the  storage  period.   In  actuality  of  course, 
some  reservoir  release  will  be  necessary  to  meet  minimum  flow  requirements 
for  fish,  so  the  storage  period  will  need  to  begin  somewhat  earlier  (when 
the  ''inflow  yet  to  come"  drops  to  say  10,000  acre  feet). 

A  further  safety  factor  could  be  attained  by  allowing  for  possible 
inaccuracies  in  the  streamfloxj  forecasts.   (See  Figure  5). 

OPTIMIZATION  STUDIES 

Actual  optimization  studies  could  not  be  conducted  for  Hyalite  reservoir 
due  to  non-availability  of  actual  data  at  that  time.   However,  operation  of 
a  single  reservoir  lilce  this  should  not  present  any  real  difficulties.   Just 
to  demonstrate  the  possible  approaches  to  solving  this  problem  two  pilot  studies 
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one  using  linear  programming  techniques  and  the  other  using  dynamic  programming, 
were  made  with  hjrpothetical  data.   Following  are  brief  descriptions  of  the 
two  studies. 

Linear  Programming 

Let  us  consider  the  operation  of  a  single  reservoir  over  a  period  of 
4  seasons.   This  problem  is  solved  using  a  canned  package  called  IIFORLP, 
available  on  Xerox  Data  Systems  -  Sigma  7  computer. 

.  .  ■   1. '  Mathematical  Formulation 

a.   During  Season  1 

Let  S^  be  the  storage  available  at  the  beginning  of  season  1. 
Let  I^  be  the  inflow  during  season  1. 
Let  R^  be  the  release  during  season  1. 

Let  S„  be  the  storage  at  the  end  of  season  1  (and  hence  at  the  beginnii 
of  season  2) . 

Then  continuity  demands  that 


S,  -fl,  =  R,  +  S^ 


b.   Similarly  for  Season  2 


S2  +  I2  =  f^2  "*"  ^3      ^^^' 


In  the  problem  considered  here,  S  is  assumed  to  be  20  units  (say  thousands 
of  acre  feet).   The  inflov;  pattern  during  a  four  season  cycle  is  assumed 
as  follows : 
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Season  12         3         4 

Inflow  (1000  AF)     40        20        10         20 

The  objective  of  the  operation  policy  is  to  maxiniize  profits.   The  worth  of 
water  in  various  seasons  is  as  given  below: 

Season  12         3         4 

Value /Unit  2        10         9         3 

The  reservoir  is  assumed  to  have  a  maximum  capacity  of  100,000  AF.   It 

is  desired  to  have  a  storage  of  20,000  AF  at  the  end  of  season  four. 

2.   Formulation  in  L.P. 


From  the  above  data,  the  L.P.  problem  can  be  formulated  as  follows; 
a.   Objective  function 


Max.  Z  =  2R,  +  10R„  +  9R„  +  3R, 
1      2     3     4 


Subject  to  the  constraints: 


1. 

^1 

-HS^ 

2. 

-  S^  +  R2  +  S3 

3. 

-    S3    -H  R3    H-    S, 

4. 

-   S,    +  R,    +  20 
4          4 

5. 

^2 

6. 

h 

7. 

h 

=  I  +  Sj^  =  20  +  40  =  60 

=  20 
=  10 
=  20 
<_  100 
<_   100 
<  100 


s^  ,  R^   (i  =  i,  2,  3,  4,  5.   i  =  1,  2,  3,  4)  >_  0. 
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Computer  coding  and  results  may  be  seen  in  Appendix  E.   Discussion  of  the 
results  of  the  computer  program  follow. 

b .   Interpretation  of  the  Result 

The  primal  solution  is 

Z,   (optimum)  =  Maximum  Revenue  =  890  units 


"1 

V.' 

j^u. 

* 

= 

0 

= 

80 

* 

= 

10 

\ 

= 

0 

* 

= 

60 

A 

^3 

= 

0 

^4 

= 

0 

(Slacks  are  not  included) 

It  may  be  noted  that  maximum  possible  discharge  is  recommended  in  the  seccr 
and  third  seasons  when  the  revenue  is  maximum.   The  recommended  discharge  in  fi? 
season  (IL)  is  zero,  thus  conserving  water  for  discharge  during  the  second 
season,  when  it  brings  more  revenue. 

The  Dual 

The  Dual  solution  is 

* 
Z„   (optimum)  =  minimum  cost  =  890  units 

ft 

Y^   =  10 


Y2  =  10 
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* 

Y^ 

= 

9 

3 

ft 

^4 

= 

3 

A 

^5 

^ 

0 

* 

Y, 

= 

0 

6 

* 

Y^ 

= 

0 

7 

(slacks  are  not  included) 

The  inflovTS  during  first,  second,  third  and  fourth  seasons,  have  imputed 
values  of  10,  10,  9  and  3  units,  respectively.   This  is  obvious  as  increase  of 
inflows  during  these  seasons  vzill  help  greater  releases  lU,  R,  and  R,  ,  bringing 
revenue  of  respectively  10,  9  and  3  units  respectively.  However  in  real  life 
situations,  increasing  the  inflows  is  not  possible,  as  they  are  a  result  of 
natural  phenomena.   Even  the  assumption  of  prior  Icnovjledge  of  these  inflows 
is  not  realistic,  as  it  is  usually  not  possible  to  know  definitely,  future 
inflow  pattern. 

Dynamic  Programming 

Let  us  assume  that  we  have  a  reservoir  which  is  being  used  for  (1)  recrea- 
tion and  (2)  flood  control.   Let  us  further  assume  that  we  can  establish  the 
loss  ill  either  use  associated  with  any  policy,  as  sho^vn  in  Figures  6(b)  and 
6(c).  Also,  let  us  assume  that  we  know  the  inflov;  for  five  consecutive 
seasons:   x(l)  =  4,  x(2)  =  1,  x(3)  =  3,  x(4)  =  0,  x(5)  =  4.   Let  us  consider 
three  states  of  storage:   full  (2),  half-full  (1);  and  empty  (0). 

Solution: 

Stages  =  seasons  (I)  1^5 
States  =  Storage  (S)  0  ->  2 
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Decision  Variables  =  Discharge  (D)  0  ->■  2 


Procedure: 


1)  At  any  stage  the  starting  storage  can  be  0  ^  2,  and  by  any  policy 
we  can  reach  any  of  the  states  0  ->  2.   (Of  course,  the  limitations  are; 
(i)  the  beginning  storage  (K)  cannot  be  more  than  ending  storage  (J)  - 
inflow  in  the  season  (X(I)),  and  (ii)  the  ending  storage  (J)  cannot  be  more 
than  beginning  storage  (K)  +  inflow  in  the  season  (X(I))  and  both  cannot  be 
more  than  the  full  storage  (2)  or  less  than  no  storage  (0)). 

2)  The  loss  (L)  associated  with  our  policy  in  any  season  (I) 

L  =  (Loss  due  to  Recreation  LR(J)  +  Loss  due  to  flood  (LF(K  +  x(I)  -  J)) 
in  the  season  +  minimum  loss  due  to  our  policy  up  to  reaching  the 
stage  (UffillCl  -  1,  K))  . 

3)  As  we  can  start  at  any  state  (K)  to  reach  the  present  state  (J)  ,  v/e 
would  like  to  choose  only  that  state  (K*)  which  minimizes  the  overall  loss, 
and  store  this  value  of  K-  for  later  reference. 

4)  Proceed  to  calculate  the  minimum  Loss  (LI'IEII)  and  trace  back  state 
(SMEII)  associated  with  each  state  (J)  at  each  stage  (I) ,  until  the  last  stage 
(Season  5  in  this  case),  is  reached. 

5)  Then  select  the  state  which  has  the  overall  minimum  loss  (!iIl<IL)  . 

6)  Starting  from  this  point  trace  back  to  determine  the  policy.   Please 
see  detailed  working  in  Figure  6. 

Computer  coding  and  output  may  be  seen  in  Appendix  F. 


20 


o 
CD  'k 


u 

o 


en 

D 

o 


-21- 


Other  Studies 

In  connection  with  another  study,  an  approach  to  solve  reservoir  opera- 
tion problem  via  simulation  in  GASP  language  was  attempted.   Of  course,  this 
simulation  approach  does  not  necessarily  lead  to  an  optimal  solution,  but  its 
potentiality  for  use  in  reservoir  operation  situations  was  demonstrated.   This 
is  particularly  worth  considering  in  case  it  is  intended  to  use  stochatic 
inflows . 

Several  useful  references  using  these  techniques  have  been  mentioned  in 
the  bibliography  of  reference  2. 

CONCLUSIONS 

The  study  began  as  a  pilot  project  for  a  larger  investigation  involving 
integrated  operation  of  systems  of  reservoirs  in  Montana.  The  Mussellshell 
Basin  has  been  chosen  for  such  a  study  and  at  present  a  much  more  extensive 
study  is  underv7ay.   The  studies  described  herein  formed  the  groundwork  for 
this  larger  study,  (B-038  MONT). 
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APPEI^IDIX  A 

iiembers  of  Middle  Creek  Water  Users 
Association  with  Volumes  of  Hyalite 
E.eservoir  '.later   Contracted 


MIDDLE  CREEK  PROJECT 
Term  =30  years 


First 

Contract 

Purchaser 

Acre  Feet 

Payment 

No. 

(as  of  1-25-72) 

Contract   Yearly 

Total 

1951 

1 

Aakjer,  Ralph  &  Nick 

25 

2-A- 

■1 

lliller,  John  L. 

50 

3 

City  of  Bozeman 

500 

4 

City  of  Bozeman 

550 

5 

Benepe ,  Frank  L . ,  Jr . 

25 

6 

Benepe,  Lucien  L. 

50 

7 -A 

Boylan,  Richard  J. 

50 

8 

Boylan,  Boyd  W. 

25 

9-A 

Bos ,  John 

50 

10 

Doney,  Frank  R. 

125 

11-A 

Dusenberry,  George  D. 

100 

12 

Dusenberry,  Bert  L.,  Jr. 

75 

13-A- 

■1 

Llchtenberg,  Delbrook  & 
Landoe,  H.  B. 

50 

14-A 

Montana  State  University 

100 

15-A 

Parker,  Ora  S. 

75 

16 

Hansen,  Peter  H. 

50 

17 

Heiskell ,  Hugh 

75 

18 

Johnson,  Carl  G. 

25 

19-A- 

-2 

Schmittroth,  Louis 

100 

19-B 

Kirk,  Marguerite 

50 

21 

Kessler,  E.  E. 

100 

22 

Kurk,  Lester  J. 

25 

23 

Kurk,  A.  J. 

20 

24-A 

Bradley  J  Clyde  J. 

50 

2  5- A 

Kraft,  Meretta 

50 

25-B 

Kraft,  Glen 

50 

26 

Kraft,  Earl 

100 

27-A- 

-1-A 

American  Fork  Ranch 

50 

27-A- 

-2-A 

American  Fork  Ranch, 
Robert  T.  Stevens,  Pres. 

50 

27-A- 

-3 

Lindvig,  Einar,  Regina  &  Harold 

50 

28-A 

Caprio,  Joseph  M.  &  Marilyn 

100 

29 

Nash,  Jack 

50 

30 

Pasha,  John  Fv. 

50 

31 

Pasha,  C.  L. 

50 

32 

Pasha,  C.  L. 

50 

33 

Pasha,  U.  D. 

50 

34 

Pasha,  W.  D. 

30 
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MIDDLE  CREEK  PROJECT 
(Page  2) 


First 
Pajnnent 


Contract 

No. 


Purchaser 
(as  of  1-25-72) 


Acre  Feet 
Contract    Yearly'  Total 


1952 


1953 


35-A 

36-A 

37 

38-A-l 

39-A-l 

40- A 

41-A 

42-A-l-B 

43-A-l-A-l 

43-A-1-B-2 

43-A-2 

44 

46 
47-A-l 

47-B 

48 
49-A 

50-A 
51-A 
52-A-l 

52-B 
53 -A 

54-A 

55 

56-A 

57-A-l 

57-A-2 

58-A 

59-A 

60-A 

61-A-l 


Michel,  Albert  J.  &  Pvamona  M. 
Kraft,  ilerretta 
Smith,  Stanley  K. 
Bradley,  Elizabeth  0. 
Derby,  James  E.  &  Emma 
Miller,  Harold  E. 
Montana  State  University 
Westlake,  George 
Lichtenberg,  Delbert  & 
Landoe,  II.  E. 
Cawlfield,  Dave  R. 
Kraft,  Earl  C. 
Hard,  Tom 

Montana  State  University 
Jordan,  Robert  &  Mardella 
Wend,  David  A.  A.  and /or 
Alice  B. 
Clark,  E.  L. 
Miller ,  Harold 

Miller,  Harold 

Gallatin  County 

S.A.C.,  Inc.,  Roger  L.  Craft, 

President 
Kraft,  aerretta 
Lichtenberg,  Delbert  & 
Landoe,  H.  B. 
Jordan,  Robert  &  I-Iardella 
Bradley,  Clyde  J. 
Raffety,  Lloyd  &  Mildred 
Fellerhoff,  John  A.  &  Ella  H. 
Stonger,  Edward  &  Helen 
White,  Edna  Tracy 
Hanry,  Mbert  &  Lillian 
Parker,  Or a  S. 
Lichtenberg,  Delbert  & 
Landoe,  H.  B. 


25 
100 
50 
25 
20 
150 
50 
50 

25 
12. 

50 
100 


300 
25 

25 
50 
35 


40 
25 

25 
25 

25 
50 
50 
15 
25 
25 
50 
15 
50 

50 


3,752.5 


435 
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MIDDLE  CREEK  PROJECT 
(Page  3) 


First 

Contract 

Purchaser 

Acre 

Feet 

Payment 

No. 

(as  of  1-25-72) 

Contract 

Yearly  Total 

62-A 

Miller,  Hae  E. 

50 

63-A 

Boy Ian,  Paul  F. 

50 

66-A-l 
67-A-l 

Boyd,  J.  C. 
Benepe,  Lucien  L. 

75 

645 

1954 

50 

68 

Johnson,  Carl  G. 

25 

69 -A 

Wolney,  David  A. 

50 

70-A-l 

Shelton,  Robert  R.  6<  Deborah  D.  & 
Shelton  Interests,  Inc. 

50 

72 

Westlake,  Myron  M. 

50 

73 

Bradley,  Jar.ies  C. 

50 

74-A 

City  of  Bozeman 

10 

75-A-l 

Westland,  George  F.  &  Nancy  J. 

50 

7  6- A 
77 

Dusenberry,  George  E. 
Dyk,  Peter  S. 

50 

385 

1955 

200 

78 

Cawlfield,  Dave  R. 

40 

79-A 

Sabo,  Dr.  F.  I.  &  Dorothy  F. 

100 

81-A 

Cline,  C.  E.  &  Louise  C. 

50 

82-A 

Raffety,  Lloyd  &  Mildred 

50 

84 

Lang,  Vernon  J. 

100 

8  5- A 

Walker,  Edvj-in  &  Hilda  H. 

30 

86 

20-A-l 

Hoppel,  Fred  G. 
Miller,  E.  Mae 

20 

590 

1956 

25 

20-B-l 

Dogtercin,  C.  A.  and/or 
McChssney,  A.  L. 

50 

20-C 

Wolney,  David  A. 

50 

38 

City  of  Bozeman 

1450 

89~A-1 
45-A-l 

Shelton,  Robert  R.  &  Deborah  D. 
Lane,  Thomas  E.  &  Robert  D. 

50 

1625 

1958 

100 

64 -A 

Wheeler,  James  E.  &  Ethel  C. 

15 

71-A 

Ward ,  Tom 

50 

83-A-l 

Vincent,  Tom  E.  &  Marjorie  S. 

50 

90-A 

McCrosson,  John  W. ,  Jr. 

12.5 

91-A 
92--A-2 

Walker,  Edwin  &  Hilda  H. 
Lee,  Clara  B. 

20 

247.5 

1959 

40 
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MIDDLE  CREEK  PROJECT 
(Page  4) 


First     Contract  Purchaser  Acre  Feet 

Payment       No.  (as  of  1-25-72)  Contract    Yearly  Total 

92-B         Amunrud,  Leroy  &  Dorris 

ililler,  Robert  W.  &  Elizabeth  P. 
Clark,  Clifford  A.  &  llildred 

Raffety,  Lloyd  &  Mildred 

Bennett,  Marshall  B.  and/or 
Ciluzann 

Total  Contracts 


1960 

93 

95 

1961 

94 

1966 

96 -A 

20 

60 

20 
20 

40 

10 

10 

20 

20 

7,810 
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APPENDIX  B 

Streamflows  at  Hyalite  Creek 
with  Reservoir  Releases 


Discloarge  at 
Hyalite  Ranger 
Station 

iliddle  Creek 
reservoir,  month- 
end  contents 

d 

•H 

a> 

60 

a 
'a 

(U 

60 

nJ 
u 
o 

to 

Adjusted  Dis- 
charge zt   Hanger 
Station 

Res.  Inflow 

(Adj .  Flow  X  64%) 

(0 

a 
u 

s 

.-^ 

(D 

o 

> 

S-i 
(U 

to 

Oi 

Apr-July  Adjusted 
Flows 

May-July  Adjusted 
Flows 

July  Adj .  Flow  as 
%  of  Hay-July  Flow 

1950  Oct 

2060 

0 

0 

2060 

Nov 

1310 

1810 

Dec 

1740 

1740 

1951   Jan 

1500 

1500 

Feb 

992 

992 

Mar 

653 

653 

Apr 

1360 

1790 

+1790 

3150 

2015 

225 

25710 

May 

6880 

5360 

+3570 

10450 

6690 

3120 

22560 

Jun 

7330 

4830 

- 

430 

6850 

4390 

4870 

Jul 

6120 

4020 

- 

869 

5260 

3360 

4220 

23.4 

Aug 

4070 

2560 

-; 

L460 

2610 

Sep 

1980 

2660 

+ 

100 

2080 

Oct 

2190 

2520 

_ 

140 

2050 

Nov 

1610 

2270 

- 

250 

1360 

Dec 

1370 

2120 

- 

150 

1220 

1952  Jixzi 

1090 

2600 

+ 

480 

1570 

Feb 

1060 

2600 

0 

1060 

l>Iar 

1150 

2570 

- 

30 

1120 

Apr 

3240 

3290 

+ 

720 

3960 

2535 

1315 

36410 

May 

11280 

4470 

+1180 

12460 

7960 

6780 

32450 

Jun 

13340 

5270 

+ 

800 

14140 

9050 

8250 

Jul 

6360 

4760 

- 

510 

5850 

3740 

4250 

18.0 

Aug 

4000 

3730 

-1030 

2970 

Sep 

2770 

2940 

■- 

730 

1980 

Oct 

1750 

2820 

_ 

120 

1630 

Nov 

881 

3190 

+ 

370 

1251 

Dec 

700 

3750 

+ 

560 

1260 

1953  Jan 

815 

4100 

-;- 

350 

1165 

Feb 

845 

4710 

+ 

610 

1455 

i-Iar 

829 

4980 

+ 

270 

1099 

Apr 

1480 

5480 

+ 

500 

1980 

1270 

77C 

28700 

Hay 

5450 

5630 

+ 

200 

5650 

3620 

3420 

26720 

Jun 

13740 

5440 

- 

240 

13500 

8650 

8890 

Jul 

8540 

4450 

- 

970 

7570 

4350 

5320 

23.3 

Aug 

5360 

1480 

-2990 

2370 

Sep 

2330 

1150 

- 

330 

2000 

Oct 


1760 


1240 


+     90 


1850 


B.    1 


Discharge  at 
Hyalite  Ranger 
Station 

Kiddle  Creek 
R.er.ervoir,  month- 
end  contents 

Net  change  in 
storage 

Adjusted  Dis- 
charge at  Pvanger 
Station 

Res.  Inflow 

(Ad j .  Flow  X  64%) 

o 
a 
to 
to 

tu 

.-4 

^y 
i:^ 

U 
•H 
O 
> 

M 
0) 

to 

<U 

oi 

Apr-July  Adjusted 
Flows 

May-July  Adjusted 
Flows 

1953  Nov 

lOSO 

1640 

+  400 

1480 

Dec 

863 

2320 

+  680 

1543 

1954  Jan 

579 

2640 

+  320 

399 

Feb 

635 

3300 

+  660 

1295 

Mar 

625 

4250 

+  950 

1575 

Apr 

1550 

4760 

+  510 

2060 

1320 

810 

27480 

Hay 

6200 

6440 

+1680 

7880 

5040 

3360 

2542 

Jun 

10540 

6520 

+  80 

10620 

6800 

6720 

Jul 

8240 

5200 

-1320 

6920 

4430 

5750 

Aug 

5670 

2470 

-2830 

2840 

Sep 

1680 

2420 

-  50 

1630 

Oct 

1350 

2410 

-  10 

1340 

Nov 

959 

2600 

+  190 

1149 

Dec 

801 

3430 

+  830 

1631 

1955  Jan 

498 

4230 

+  GOO 

1298 

Feb 

541 

4710 

+  480 

1021 

liar 

559 

5190 

+  480 

1039 

Apr 

781 

5640 

+  450 

1231 

788 

338 

28991 

Hay 

7890 

5940 

+  300 

8190 

5240 

4940 

2776 

Jun 

12820 

6540 

+  600 

13420 

8G00 

8000 

Jul 

7160 

5530 

-1010 

6150 

3940 

4950 

Aug 

6060 

2100 

-3430 

2630 

Sep 

1810 

1730 

-  370 

1440 

Oct 

1760 

1690 

-  40 

1720 

Nov 

998 

1820 

+  130 

1128 

Dec 

633 

2560 

+  740 

1373 

1956  Jan 

680 

3030 

+  470 

1150 

Feb 

553 

3350 

+  320 

873 

Mar 

839 

3670 

+  320 

1159 

Apr 

1920 

4510 

+  830 

2760 

1770 

930 

25040 

May 

5820 

5760 

+1250 

7070 

4520 

3270 

222? 

Jun 

11500 

6180 

+  420 

11920 

7640 

7220 

Jul 

6050 

3420 

-2760 

3290 

2110 

4870 

Aug 

4050 

1320 

-2100 

1950 

Sep 

2030 

1150 

-  170 

1860 

Oct 

1710 

1170 

+  20 

1730 

Nov 

692 

1870 

+  700 

1392 

to  o 
CO  f-l 

rH    r-l 
fe      3 

•       I 
1-)    >> 

<  S 

i-l    o 
3 
•-3  E^ 


27.2  % 


22.2   % 


Discharge  at 
Hyalite  Ranger 
Station 

Middle  Creek 
Reservoir,  month- 
end  contents 

Met  chanoe  in 
storage 

Adjusted  Dis- 
charge at  Ranger 
Station 

Hes .  Inflow 

(Adj .  Flow  X  64%) 

0) 

to 
cd 

(U 

<-i 

0) 

Pi 
u 

•H 
O 
> 

u 

Q} 
CO 
(U 

1956  Dec 

750 

2450 

+  580 

1330 

1957  Jan 

589 

2840 

+  390 

979 

Feb 

640 

3110 

+  270 

910 

Mar 

835 

3430 

+  320 

1155 

Apr 

1130 

3700 

+  270 

1400 

895 

625 

May 

5180 

5840 

+2140 

7320 

4690 

2550 

Jun 

13850 

7660 

+1820 

15670 

10000 

8180 

Jul 

6620 

6700 

-  960 

5660 

3620 

4580 

Aug 

5270 

3620 

-3080 

2190 

Sep 

2090 

3480 

-  140 

1950 

Oct 

1770 

3420 

-  60 

1710 

Nov 

1330 

3440 

+  20 

1350 

Dec 

1290 

3470 

+  30 

1320 

1958  Jan 

1270 

3490 

+  20 

1290 

Feb 

893 

3680 

+  190 

1083 

Mar 

831 

3960 

+  280 

1121 

Apr 

1450 

4520 

+  560 

2010 

1285 

725 

May 

8760 

7660 

+3140 

11900 

7620 

4480 

Jun 

9040 

7660 

0 

9040 

5790 

5790 

Jul 

5450 

6700 

-  960 

4490 

2870 

3830 

Aug 

4850 

4470 

-2230 

2620 

Sep 

2470 

3790 

-  680 

1790 

Oct 

1970 

3370 

-  420 

1550 

Nov 

1170 

3670 

+  300 

1470 

Dec 

1060 

3930 

+  260 

1320 

1959  Jan 

1040 

4160 

+  230 

1270 

Feb 

895 

4200 

+  40 

935 

Mar 

1040 

4310 

+  110 

1150 

Apr 

1780 

4890 

+  580 

2360 

1510 

930 

May 

7300 

6880 

+1990 

9290 

5940 

3950 

Jun 

19050 

7660 

+  780 

19830 

12700 

11920 

Jul 

9770 

6880 

-  780 

3990 

5750 

6530 

Aug 

6220 

3600 

-3280 

2940 

Sep 

2740 

3420 

-  180 

2560 

Oct 

2520 

3540 

+  120 

2640 

Nov 

2110 

3540 

0 

2110 

Dec 

1340 

3770 

+  230 

1570 

U 
CO 

3 


3 

>-)  to 

I  ^ 

u  o 

<  Pn 


(U 

to 

3 
■^ 

3 

•d  en 

I  S 

>%  O 

M   i-H 


CO    o 

CO    r-l 

I  >. 
,-1  <-{ 
f^  3 
<-i 
•  I 
•r-,  >^ 
T3  to 
<    ^ 

r-l      O 

3 

•-5  t<; 


30050 


28650 


19.8  % 


27440 


25430 


17.65% 


40470 


38110 


23.6 
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u 

0) 

4J     00 

n)   c 
Qj  a; 

U     0) 


<0 

,a  -H  -H 

O  t-l    -u 

U3  n)   CO 

•H  >,  4J 

O  W  w 


0) 
(1)      «■ 
>-l    u 

o 

0)    > 


u 

c 
o 
6   u) 


C 
(U 
4J 

c 
o 
o 


to  -o 

0)    C 


•H 


(U 
M 
C 

•w  o 


M 

(U 

bO 

I    a 

(0    «) 

•H    Ci 
Q 

T3  cd 
<U  C 

4J  0)    O 

(0  tl')  -H 

3  *J     4J 

•tn  to    CO 
•^  ^    W 

<:  O  W 


iH     O 
(3   b 


to  73 


to 

Q) 

to 

CO 
0) 

.-I 
<u 

Pi 

u 

•H 
O 
> 

l-l 

<u 

CO 


T3 

to 

3 

•n 


3 
•-3 
I       » 
!-<     O 

a-  iH 


to 


4-) 

to 

3 


3 

•-5  tn 

■  ts 

>>  o 

CO  I-) 


w  o 

to  tH 
fa 

iH    r-l 

fa    3 

•-: 

•     I 

•n^ 

•a   CO 

<  XI 

■H     O 
3 


1960  Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 


1140 
1050 
1270 
2560 
5940 
12S40 
8800 
5510 
2240 


3960 
4220 
4430 
5350 
6880 
7860 
5000 
2400 
1920 


+  190 

+  260 
+  210 
+  920 
+1530 
+  980 
-2860 
-2600 
-  480 


1330 
1310 
1480 
3490 
7470 
13820 
5940 
2910 
1760 


2234 
4781 
8845 
8302 


1314 
3251 
7865 
6662 


30720 


27230 


21.8  % 


Oct 

Nov 
Dec 
1961  Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 


1480 

1020 

473 

387 

714 

815 

1120 

4010 

9720 

6040 

3600 

2150 


1970 
2350 
2870 
3190 
3450 
3830 
4520 
7470 
7200 
3490 
1640 
1370 


+  50 

+  380 
+  520 
+  320 
+  300 
+  340 
+  690 
+2950 

-  270 
-3710 
-1850 

-  270 


1530 
1400 
993 
707 
1014 
1155 
1810 
6960 
S450 
2330 
1750 
1880 


1158 
4454 
6048 
1491 


468 
1504 
6318 
5201 


20550 


13740 


12.4  % 


Oct 

Nov 
Dec 
1962  Jan 
Feb 
liar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 


262 

1430 

1030 

803 

889 

1060 

3160 

6520 

11510 

7210 

6310 

3250 


1530 
1730 
1980 
2300 
2510 
2720 
4400 
7270 
7920 
7920 
5300 
4540 


+  160 
+  200 
+  250 
+  320 
+  210 
+  210 
+1680 
+2870 
+  650 
0 
-2620 
-  760 


2780 
1630 
1280 
1123 
1099 
1270 
4840 
9390 
12160 
7210 
3690 
2490 


3093 
6010 
7782 
4614 


1418 
3140 
7132 
4614 


33600 


28760 


25.1  % 


Oct 

Nov 

Dec 

1963   Jan 


2630 

983 
1850 
1000 


4060 
4130 
4140 
4320 


-  480 
+  70 
+  10 
+  180 


2200 
1053 
1860 
1180 
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(D 


Discharge  at 
Hyalite  Ranger 
Station 

Middle  Creek 
REservoir,  month- 
end  contents 

llet  change  in 
storage 

Adjusted  Dis- 
charge at  Pvanger 
Station 

Res.  Inflow 
(Adj.  Flow  X  64%) 

w 
CO 

0) 
0) 
r-< 

"i 

Pi 

u 

•H 
O 

t 

<u 

(0 

(U 
en 

1963  Feb 

897 

4730 

+  410 

1307 

Mar 

1080 

5140 

+  410 

1490 

Apr 

2600 

5280 

+  140 

2740 

1754 

1613 

May 

9010 

8030 

+2750 

11760 

7526 

4776 

Jun 

13980 

7970 

-  60 

13920 

8909 

8969 

Jul 

7950 

5910 

-2060 

5890 

3770 

5830 

Aug 

5870 

3000 

-2910 

2960 

Sep 

2770 

2360 

-  640 

2130 

Oct 

1690 

2470 

+  110 

1800 

Nov 

1200 

2670 

+  200 

1400 

Dec 

885 

2770 

+  100 

985 

1964  Jan 

590 

2890 

+  120 

710 

Feb 

668 

3010 

+  120 

788 

Mar 

649 

3290 

+  280 

929 

Apr 

1010 

5050 

+1760 

2770 

1773 

13 

May 

9470 

7170 

+2120 

11590 

7418 

5298 

Jun 

14920 

7970 

+  800 

15720 

10061 

9261 

Jul 

11130 

6390 

-1080 

10050 

6432 

7512 

Aug 

7290 

3360 

-3530 

3760 

Sep 

2300 

2890 

-  470 

1830 

Oct 

2170 

3000 

+  110 

2280 

Nov 

1400 

3110 

+  110 

1510 

Dec 

1790 

3460 

+  350 

2140 

1965  Jan 

1290 

3760 

+  300 

1590 

Feb 

1140 

3930 

+  170 

1310 

Mar 

1520 

3990 

+  60 

1580 

Apr 

2240 

4130 

+  140 

2380 

1523 

1383 

May 

9780 

5130 

+1000 

10780 

6899 

5899 

Jun 

16770 

7790 

+2660 

19430 

12435 

9775 

Jul 

13470 

7470 

-  320 

13150 

3416 

8736 

Aug 

7100 

4610 

-2860 

4240 

Sep 

6940 

1160 

-3450 

3490 

Oct 

3470 

391 

-  769 

2701 

Nov 

1680 

819 

+  428 

2108 

Dec 

1320 

1170 

+  351 

1671 

1966  Jan 

1240 

1360 

+  190 

1430 

Feb 

873 

1780 

+  420 

1293 

4J 
00 

3 


3 

•-)     (0 

1     > 

U    G 
pL,  iH 

<;  (^ 


0) 

m 


3 

•-3    m 
>>  o 

to  tH 


34310 


31570 


40130 


37350 


45740 


43360 


(0 

o 

to 

iH 

(b 

^ 

o 

?S 

tH 

i-H 

Cn 

3 

<-) 

1-) 

>> 

-a 

s 

< 

>>«4-l 

iH 

o 

3 

>-) 

frS 

26.95% 


30.4  % 
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Discharge  at 
Hyalite  Ranger 
Station 

iiiddle  Creek 
Reservoir,,  month- 
end  contents 

Net  change  in 
storage 

Adjusted  Dis- 
charge at  Ranger 
Station 

Res.  Inflov/ 

(Adj .  Flow  X  64%) 

CO 

CU 

CO 

CO 

CU 
rH 

CU 
(^ 

!-* 
•H 
O 
> 

u 

(U 
CO 

CU 

Apr-July  Adjusted 
Flows 

May-July  Adjusted 
Flows 

July  Adj .  Flow  as 
%  of  llay-July  Flow 

1966  Mar 

809 

2350 

+  570 

1379 

Apr 

1500 

3290 

+  940 

2440 

1562 

622 

29860 

May 

6480 

8240 

+4950 

11430 

7315 

2365 

27420 

Jun 

10870 

7970 

-  270 

10600 

6784 

7054 

Jul 

8520 

4840 

-3130 

5390 

3450 

6580 

19.6! 

Aug 

5810 

2150 

-2690 

3120 

Sep 

2530 

1560 

-  590 

1940 

Oct 

2460 

1150 

-  410 

2050 

Nov 

1160 

1360 

+  210 

1370 

Dec 

863 

2060 

+  700 

1563 

1967  Jan 

686 

2600 

+  540 

1226 

Feb 

641 

3000 

+  400 

1041 

Mar 

795 

3480 

+  480 

1275 

Apr 

1070 

3920 

+  440 

1510 

966 

526 

40110 

\ 

May 

7750 

6620 

+2700 

10450 

6688 

39S3 

33600 

Jun 

16730 

7990 

+1370 

18100 

11584 

10214 

Jul 

10460 

7580 

-  410 

10050 

6432 

6842 

26.0 

Aug 

6950 

3670 

-3910 

3040 

Sep 

3090 

2740 

-  930 

2160 

Oct 

2220 

3060 

+  320 

2540 

Nov 

2090 

3100 

+  40 

2130 

Dec 

1820 

3120 

+  20 

1340 

1968  Jan 

1430 

3340 

+  220 

1650 

Feb 

1370 

3330 

-  10 

1360 

Mar 

1580 

3360 

+  30 

1610 

Apr 

1820 

3470 

+  110 

1930 

1235 

1125 

45030 

May 

7980 

6330 

+3410 

11390 

7290 

3880 

43100 

Jun 

17590 

7970 

+1090 

18680 

11955 

10865 

Jul 

13330 

7620 

-  350 

13030 

8339 

8689 

30.2 

Aug 

7350 

6000 

-1620 

6230 

Sep 

5150 

5400 

-  600 

4550 

Oct 

4930 

4450 

-  950 

3980 

Nov 

3690 

2900 

-1550 

2140 

Dec 

1530 

2970 

+  70 

1600 

1969  Jan 

1260 

3480 

+  510 

1770 

Feb 

901 

3800 

+  320 

1221 

Mar 

1360 

4030 

+  230 

1590 
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Discharge  at 
Hyalite  Ranger 
Station 

Middle  Cretk 
Reservoir,  month- 
end  contents 

Net  change  in 
storage 

Adjusted  Dis- 
charge at  Ranger 
Station 

Res.  Inflow 

(Adj .  Flow  X  64%) 

to 

(U 

CO 
« 

u 

•H 
O 
> 
l-l 

<u 

CO 

<u 
erf 

Apr-July  Adjusted 
Flows 

riay-July  Mjusted 
Flows 

July  Adj .  Flow  as 
%  of  May-July  flow 

Apr 

3560 

5180 

+1150 

4710 

3014 

1864 

47720 

May 

15270 

7820 

+2640 

17910 

11462 

8822 

43010 

Jun 

14500 

8080 

+  260 

14760 

9446 

9186 

Jul 

11090 

7330 

-  750 

10340 

6618 

7368 

24.0 

Aug 

6480 

4250 

-3080 

3400 

Sep 

3460 

3470 

-  780 

2680 

Oct 

2750 

3150 

-  320 

2430 

Nov 

1650 

3140 

-  10 

1640 

Dec 

1460 

3370 

+  230 

1690 

1970  Jan 

1010 

3770 

+  400 

1410 

Feb 

1150 

4100 

+  330 

1480 

liar 

1190 

4400 

+  300 

1490 

Apr 

1350 

4430 

+  30 

1380 

883 

853 

56100 

Hay 

16760 

5400 

+  970 

17730 

11347 

10377 

54720 

Jun 

22780 

7330 

+2460 

25240 

16154 

13694 

Jul 

12260 

7350 

-  510 

11750 

7520 

8030 

21. 4f 

Aug 

6850 

4950 

-2400 

4450 

Sep 

4810 

3700 

-1250 

3560 

Oct 

3630 

3150 

-  550 

3080 

Nov 

2450 

2970 

-  180 

2270 

Dec 

1120 

3410 

+  440 

1560 

1971  Jan 

825 

3990 

+  580 

1405 

Feb 

1060 

4510 

+  520 

1530 

liar 

1250 

4820 

+  310 

1560 

Apr 

3110 

3840 

-  980 

2130 

1363 

2343 

45640 

May 

11310 

5010 

+1170 

12980 

3307 

7137 

43510 

Jun 

158S0 

7720 

+2710 

18590 

11898 

9188 

Jul 

12720 

6940 

-  780 

11940 

7642 

8422 

27.4 

Aug 

8190 

3370 

-3570 

4620 

Sep 

4140 

2570 

-  800 

3340 
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APPENDIX  C 
Snow  Survey  Records 
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1945  ilar  1  10.9  4.2 
Apr      1  15.1  6.2 

1946  Mar  1  18.7  7.7 
Apr  1  24.2  8.4 
May  1  22.3  1.3 

1947  liar  1  16.0  6.2 

Apr  1  22.6  10.8                          10.4 

Hay  1  28.2  7.3                          12.2 

1948  Har   1  23.2  11.3 

Apr  1  27.4  13.3                          13.7 

May  1  30.5  9.9                          13.0 

1949  Mar  1  18.1  8.7 

Apr  1  20.8  10.9                          19.0 

Hay  1  20.3  1.7                          18.0 

1950  Mar  1  12.9  4.3 

Apr   1  20.2  7.3                          13.0 

Hay  1  24.5  8.5                          19.8 

1951  Mar  1  14.8  6.6 

Apr  1  19.9  9.4                          20.4 

Hay  1  18.7  5.5                          20.4 

1952  Har  1  20.5  10.3 
Apr  1  27.5  13.7 
May  1  25.6  2.5 

1953  Mar  1  15.6  6.4 
Apr  1  18.8  7.6 
Hay   1  23.3  5.2 

1954  Feb  1  12.3  4.8 
Har  1  13.7  5.6 
Apr  1  20.0  8.8 
Hay  1  20.1  2.8 

1955  Feb  1  8.9  2.6 
Mar  1  12.5  6.3 

Apr   1  18.6  8.8                                 30^.3 
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May     1 


22.8 


10.4 


26.0 


1956 

Feb 

1 

16.2 

6.2 

Mar 

1 

18.5 

7.3 

Apr 

1 

23.3 

9.0 

May- 

1 

26.2 

4.3 

1957 

Mar 

1 

14.2 

6.2 

Apr 

1 

19.1 

7.8 

May 

1 

24.6 

6.9 

1958 

Feb 

1 

12.6 

7.3 

Mar 

1 

17.2 

8.6 

Apr 

1 

21.4 

9.6 

Hay 

1 

26.6 

10.4 

x959 

Feb 

1 

14.6 

6.6 

Mar 

1 

19.9 

8.2 

Apr 

1 

20.0 

11.4 

May 

1 

30.6 

7.9 

1960 

Feb 

1 

13.4 

4.4 

4.8 

Mar 

1 

19.0 

7.1 

7.9 

Apr 

1 

23.0 

7.9 

8.7 

Hay 

1 

27.2 

6.4 

7.1 

1961 

Feb 

1 

9.2 

4.3 

4.8 

Mar 

1 

14.4 

6.2 

6.9 

Apr 

1 

17.1 

7.6 

8.4 

May 

1 

23.6 

7.6 

8.4 

1962 

Feb 

1 

18.8 

7.9 

3.7 

I'lar 

1 

21.3 

9.4 

10.4 

Apr 

1 

25.4 

11.4 

12.5 

iiay 

1 

25.0 

4.8 

7.2 

Jun 

1 

21.4 

1963 

Feb 

1 

14.6 

8.7 

9.6 

Mar 

1 

19.8 

9.7 

10.5 

Apr 

1          12 

.7          22.4 

9.2 

10.4 

May 

1          14 

.1          25.2 

9.3 

10.7 

Jun 

1            2 

.7          19.5 

32.0 
32.0 


27.0 
27.0 


31.0 
31.3 


34.1 
34.0 


29.2 


25.1 


35.3 


31.8 


27.5 


23.1 


30.4 


30.2 
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Snow- 
Survey 

(U 

u 
a 

Arch  Falls 
(7350  ft) 

Devils  Slide 
(8100  ft) 

Hood  lleadow 
(6600  ft) 

Hood  Meadow 
(new) 
(6600  ft) 

Lick  Creek 
(6860  ft) 

Shovjer  Falls 
(8100  ft)  • 

1964  Jan 

1 

1.9 

Feb 

1 

6.7 

11.9 

4.6 

5.2 

5.2 

Mar 

1 

10.8 

20.2 

8.9 

9.3 

10.5 

Apr 

1 

14.8 

25.6 

12.6 

13.3 

12.9 

May 

1 

16.1 

27.0 

12.1 

12.7 

14.4 

tlay 

15 

13.6 

Jun 

1 

10.8 

25.9 

0.0 

Jun 

15 

1.2 

20.4 

1965  Jan 

1 

4.9 

Feb 

1 

11.0 

21.8 

8.4 

9.6 

9.5 

Mar 

1 

14.8 

26.3 

11.6 

12.7 

12.5 

Apr 

1 

16.0 

29.8 

13.5 

14.9 

15.1 

May 

1 

16.8 

32.  U 

10.0 

12.3 

10.4 

Hay 

15 

19.0 

35.0 

10.0 

13.0 

9.3 

38.2 

Jun 

1 

17.0 

35.2 

4.4 

7.0 

0.0 

38.3 

Jun 

15 

6.4 

25.6 

28.2 

Jul 

1 

14.4 

16.5 

1966  Jan 

1 

4.0 

1.3 

5.3 

Feb 

1 

4.2 

7.2 

3.0 

3.4 

3.3 

10.5 

Mar 

1 

6.4 

12.2 

4.6 

5.1 

5.6 

15.5 

Apr 

1 

9.3 

16.4 

6.2 

7.0 

6.8 

20.7 

May 

1 

11.6 

22.2 

5.2 

7.0 

7.0 

25.3 

May 

15 

7.2 

19.5 

0.0 

0.0 

0.0 

21.5 

Jun 

1 

1.4 

14.5 

0.0 

0.0 

0.0 

16.3 

Jun 

15 

0.0 

4.0 

2.3 

1967  Jan 

1 

6.6 

3.9 

8.3 

Feb 

1 

8.8 

15.2 

7.4 

0.2 

8.1 

18.3 

Har 

1 

12.2 

21.4 

9.8 

11.0 

11.5 

24.3 

Apr 

1 

16.8 

26.8 

13.4 

15.0 

13.6 

31.3 

May 

1 

18.7 

30.2 

13.4 

14.6 

13.5 

33.2 

May 

15 

19.0 

32.4 

10.5 

1.26 

10.9 

35.5 

Jun 

1 

9.0 

24.0 

0.0 

0.0 

27.0 

Jun 

15 

1.7 

17.7 

19.5 

Jul 

1 

8.6 

7.7 

1968  Jan 

1 

17.7 

3.9 

9.5 

7.4 

20.8 

Feb 

1 

13.6 

22.7 

10.6 

11.6 

11.0 

25.3 

Mar 

1 

15.0 

26.4 

11.3 

12.4 

11.4 

30,7 

Apr 

1 

16.5 

28.2 

11.8 

13.8 

11.6 

32.3 
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Arch  Falls 
(7350  ft) 
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Shover  Falls 
(3100  ft) 

May-June 
Strearaflow 
Forecast 
(1000  AF) 

1968  ilay 

1 

20.3 

35.2 

12, 

.3 

15.2 

14.2 

38.5 

May 

15 

17.9 

33.7 

8 

.5 

11.6 

3.0 

36.3 

Jun 

1 

14.4 

33.2 

0 

.5 

0.3 

0.0 

37.5 

Jun 

15 

7.1 

30.2 

32.3 

Jul 

1 

14.6 

18.0 

1969  Jan 

1 

10.0 

4 

.0 

4.6 

3.7 

12.0 

Feb 

1 

10.0 

15.8 

7 

.8 

8.5 

6.9 

19.5 

tiar 

1 

11.4 

19.3 

8 

.4 

9.2 

8.1 

23.8 

Apr 

1 

11.6 

20.2 

7 

.1 

8.2 

6.0 

25.8 

May 

1 

11.9 

22.0 

5 

.4 

8.5 

3.4 

26.8 

way 

15 

3.6 

20.4 

0 

.5 

0.6 

0.0 

21.3 

Jun 

1 

0.3 

11.6 

0 

.0 

0.0 

0.0 

11.5 

1970  Jan 

1 

7.6 

13.0 

8.2 

6.2 

14.7 

Feb 

1 

11.6 

19.  G 

11.9 

9.6 

23.2 

liar 

1 

13.4 

24.3 

10.0 

10.2 

28.3 

Apr 

1 

19.2 

32.6 

16.2 

15.5 

36.7 

May 

1 

23.3 

40.5 

19.6 

19.7 

44.9 

May 

15 

22.2 

39.0 

15.2 

17.2 

45.2 

Jun 

1 

16.8 

34.4 

5.8 

4.9 

39.3 

1971  Jan 

1 

7.0 

13.2 

6.4 

5.7 

14.8 

Feb 

1 

10.2 

18.2 

9.1 

7.4 

21.5 

Mar 

1 

12.8 

23.0 

11.2 

9.3 

27.3 

Apr 

1 

17.1 

29.8 

14.7 

13.2 

35.3 

May 

1 

19.5 

35.8 

15.5 

13.7 

41.4 

May 

15 

15.4 

32.6 

7.4 

1.9 

35.8 

Jun 

1 

14.4 

31.6 

0.7 

0.0 

37.5 

1972  Jan 

1 

5.3 

9.8 

4.6 

3.9 

12.2 

Feb 

1 

9.0 

14.7 

7.9 

6.8 

18.0 

Mar 

1 

10.4 

18.4 

9.2 

8.6 

22.5 

Apr 

1 

12.9 

23.6 

11.0 

8.0 

28.0 

Nay 

1 

14.2 

26.1 

10.7 

5.6 

30.7 

May 

15 

11.8 

25.8 

3.8 

0.0 

29.8 

Jun 

1 

3.4 

20.0 

0.0 

0.0 

22.7 

1973  Jan 

1 

4.8 

7.8 

4.4 

3.6 

9.3 

Feb 

1 

6.0 

10.7 

6.4 

5.7 

13.0 

Mar 

1 

Apr 

1 

11.2 

17.5 

11.3 

10.7 

21.3 

May 

1 

May 

15 

16.8 

26.6 

13.6 

13.2 

28.5 

Jun 

1 

11.0 

20.7 

0.0 

0.0 

23.7 
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34.6 


50.0 


49.5 


37.0 


29.5 


28.5 


51.6 


48.0 


34.0 


36.0 
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APPENDIX  D 
Newspaper  Accounts  of  Hyalite  Flooding 
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■■  -Hyalite  Canyon  Road 
presents  a  formidable 
picture  as  Montie  Stan- 
hope and  David  Thomas, 
of  the  Gallatin  County 
Tribune,  work  their  way 
out  of  the  canyon  Sunday 
,        «      *      • 

■  Anyone  touring  the 
Hyalite  Canyon  Sunday 
was  in  for  a  surprise 
when  they  returned  home 
that  afternoon. 

The  canyon  road  had 
become,  of  all  things, 
flooded  by  Middle  Creek, 

Ice  dams  had  been 
formed  In  the   Creek  by 

OffirinU    P7 


afternoon. 

It  took  them  a  little 
over  three  hours  of 
shoveling  ice,  removing 
tree  stumps  and  debris 
to  get  their  vehicles 
down  the  road. 


blocks  of  ice  catching 
on  logs  and  forming 
dams. 

This  caused  the  water 
to  wash  over  the  road, 
thereby  picking  up  more 
ice  and  debris  and  caus- 
ing flooding  further  down 
the  creek. 

After  the  water  pushed 


Li  u''. 


f] 


They  were  assisted  by 
other  persons  (see 
photo)  who  wielded  their 
axes  in  an  effort  to 
remove  the  trees. 

Middle  Creek  can  be 
seen  to  the  right  of  the 
*      «      « 

the  ice  and  debris  ahead 
of  it  the  road  remained 
relatively  clear. 

Sheriff  L.D.W.  Ander- 
son, who  was  called  to 
the  scene,  called  Forest 
Service  personnel  to  the 
area, 

"We  wanted  to  make 
certain  no  one  wastrap- 


"^ 


V. 


^^ 


Tribune  Photo  By  Montie  Stanhopa 

picture.  The  ice  and 
water  on  the  road  was 
pushed  by  such  pressure 
that  it  extended  great 
distances  at  a  number 
of  points  down  the  canyon 
on  the  road. 


ped  in  the  canyon,"  said 
Ross  MacPlierson, 

Dozeman  district 

ranger,  "There  were  20 
to  30  cars  above  the 
debris," 

In  one  area  of  the 
Hyalite  road  water  was 
backed      up      about      a 

(Continued  on  luck  Cage) 


n  -*^ 


Q^h 


7r. 


(^|L,»i5**~^^*»    ^^»/«>F«<^ ?•*<«- 


Ga 

Mc 

Sh 

Cati 
Gallat 
ceived 
higher 
beef  tl 
to  loc 
ers. 

Not 
prices 
insteac 
Septen 
ing  ! 
months 
have 
enced 

Cattl 
reache 
heavy 
usually 
Novem 
part  of 

This  Yea 

Locc 
a  450 
has  be 
32  cer 
fall  wi- 
ing  26 
pound. 
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orecast 

Boienun-Coosidcfible  cloud- 
iness through  v^ednes<tn  with 
showtrs  aid  thundershowers 
most),  during  atternoons  and 
evenings.  Shower  activity  de- 
(reasing  01.  Wednesdai  Lowjlo- 
ni?ht   39.   high   v^edfiesda'.    58. 
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lijht  temperatures   resulted  in  the  flood 
iK  over  the  road  and  into  the  low- lying 
luthe  west,  receding  about  3-4  inches. 


Gallatin  Valley  Flooding 
Potential  'Criticar  Now 


By  ANNABELLE  PHILLIPS 
Chronicle  Staff  Writer 

The  flooding  potential  in  the 
Gallatin  Valley  is  already  criti- 
cal and  the  weatherman  holds 
the  liey  to  the  future. 

Currently.  low  elevation 
streams  are  raguig  out  of  their 
banks.  And,  at  the  present 
snowmelt  rale,  they  will  not 
reach  their  peak  flow  for  about 
another  two  weeks. 

The  major  streams  —  West 
Gallatin,  Madison,  Jefferson 
and  Missouri  —  are  high  but, 
as  yet,  are  causing  no  trouble. 
Peaking  point  for  the  waters  of 
these  rivers  should  be  aroaid 
mid  -  Jine. 

The  weather,  however,  can 
bring  about  a  dramatic  change. 

A  few  days  of  high  tempera- 
tures or  rain,  or  a  combina- 
tion of  the  two,  will  bring  about 
a  rapid  increase  in  all  stream- 
flows.  Should  this  happen,  most 
of  the  streams  and  rivers 
will   be    out   of     their  banks. 

The  mountain  snow  pack  this 
year  is  abnormally  large,  par- 
ticularly at  lower  elevations. 
At  many  of  the  high  elevation 
sites  there  was  more  than  100 
mches  of  snow  an  May  15,  Phil 
Farnes,  grow  survey  snier- 
visor  for  the  Soil  Conservation 
Service,   said  today. 

Take  the  Hyalite  Drainage,  for 
instance.  At  Shower  Falls, 
where  the  elevation  is  8,100, 
there  was  103  inches  of  snow 
and  the  water  content  was  4S.2 
Inches.  Snow  depth  at  this  point 
last  year  was  43  inches  and 
water  cootent  21.3  inches.  The 
average  wattr  cootent  for  the 
period  of  19S3  to  mi  was  Z8.5 
incbcs. 

At  Denis  SUde.  wliidh  also 
ha^  an  elevatioo  if  8,100.  th« 
Slow  deptii  was  92  inches  oo 
May  15  aod  the  water  cootent 
39  inches  coihfMred  to  a  21  uich 
snow  depU)  and  8.6  inch  water 
cootent  a  year  ago. 

At  Lick  Creek,  6,860  eleva- 
tion, there  was  50uich«so(saow 
with  a  17.2  water  content.  Lad 


year  00  the  same  date  there  was  The     Bndger    Creek    snow 

no  snow  in  this  area.  course  paints   about  the   sime 

There  was  43  inches  o(  snow  picture    as    far    as    the  snow 

at  Hood  Meadow,    6.600  eleva-  goes. 

tion,    and      the   water  content  Bridger  Bowl,     with    an  ele- 

was  n.2   Last  year  there  was  an  vation  of  ",250.   had  103  inches 

inch  of  snow  on  May  15.  of  snow  and  the  water  content 


was  43.4  inches.  Last  year 
there  was  33  inches  of  snow 
with  an  18.1  water  content 
The  1953 -67  average  water  con- 
tent  was  27.6. 

(Ser  Flooduif.  Pagr  3) 


Regents  Stay  Mum 
On  MSV  President 


ed  at  MSU  Poll 


HELErfA  (AIS.^-  One  of 
three  men  has  been  chosen  as 
president  of  Montana  State  Uni- 
versity but  tie  State  Board  of 
Regents  is  keeping  the  new 
president's  name  secret. 

A  source  said  the  name  would 
not  be  released  until  later  this 
week  after  such  details  as  when 
the  new  president  can  take 
over  have  been  determined. 

The  board  reached  Its  decision 
during  a  meeting  In  Helena  Mon- 
day. The  Associated  Press 
learned  the  new  president  of  the 
V,"0O-student  school  will  be  one 
of  three  men  interviewed  by  the 
board  tliis  month. 

They  are: 

-  Carl  W.  Mcintosh,  president 
ofCallfornia's  Long  Beach  State 
College,  which  has  more  than 
24,000  students  and  about  1.300 


Reds  Step  Up 
Attacks  in 
South  Vietnam 


SAIGON  (API  -  North  VIM- 
namese  and  Viet  Cong  troops 
stepfied  up  their  attacks  across 
South  Vietnam  sharply  today  U 
a  new  "Ughpoint"  of  acthrity 
apparently  marUnc  the  80th  an- 
nivcrsarv  cl  !h"  birth  of  Ho  Chi 
Minh. 

The  Coramunist  command's 
troops  also  t'Teatened  anotlx-r 
Cambodian  pr (ft In' la  1  capital  In 
theti  efforts  to  keep  'H/en  their 
supfrtv  lines  throuth  northern 
Camledia  ind  s.-.uthern  Laos. 

7'.     y  "-I     •  -<ri'3r    v.-: 


teachers,  rie  was  Interviewed  on 
May  1. 

—  Roy  E.  Huffman,  Boieman, 
MSU's  vice  president  for  re- 
search and  director  of  Its  En- 
dowment and  Research  Founda- 
tion. He  was  Interviewed  Sun- 
day. 

—  Dean  Stebbins,  academic 
vice  president  of  Michigan  Tech- 
nological University,  Houghton, 
who  was  Interviewed  Monday. 

Another  candidate,  who  had 
been  recommended  b>  a  special 
screening  committee  of  the 
Board  of  Regents,  withdrew  his 
name  from  further  consider- 
ation. He  was  Duine  Ackre, 
dean  of  agriculture  at  South 
Dakota  State  University. 

Since  the  death  of  M.Sl)  Presi- 
dent Leon  H.  Johnson  last  June 
18,  Regents  of  the  Montana  Uni- 


versity ijystem  liave  been  look- 
ing tor  top  candidates. 

Ttt(  school,  second  largest  »f 
the  system's  six  units,  has  iven 
operating  under  the  dire,  tlun  A 
Acting  President  William  A 
Johnstone. 

Johnstone,  however,  witlnlnw 
his  najBt  from  consideratim 
and  is  expected  to  return  L'  'n:- 
former  position  as  admiiii:.lr.i- 
livevli-e  president  when  iln-  >■» 
president  takes  over 

The  announcement  Is  exp>"  li  ! 
within  .1  dav  or  two  from  the 
office  (if  the  system's  ei".uln>' 
seiretjry,  Edward*   Nei-.nn 

fine  source  saldihe  reas"ii  Li 
the  delay  In  announrini'  '''■ 
name  of  the  new  president  Is  to 
provide  time  to  determine  a 
numtier  of  details,  such  ai  the 
startlnr  dale. 


By  THE  ASSOClATtD  Pl^liS 
Eighteen  days  after  President 
Nixon  sent  American  cociit«l 
troops  Into  CamliudU.  student 
protest  strikes  were  under  way 
at  a  reported  265  collegef.  How- 
ever, the  dl.^orders  and  scat- 
tered violence  whi'h  rhara^er- 
Ixed  the  first  two  weeks  of  prr>- 
test  have  sutsidod 


\yA:.HINf,T<./.N  'A I')  -  I', 
ol'l  la'ti'  ijf  "jawtwuinj"  ware 
and  ptrei.  into  line,  ildi'uud 
and  dis'ti-dlled  by  the  Mux  ■'•\- 
mlnlstralioQ,  sttmtXo  tie  tn:ik. 
tng  a  fomehBci. 

Car' fully  ctoosint  tflr 
word."..  I  ">ral  I'eserv  '  'iiii- 
mat,  Af'rjr  ^    Burns  and  H""- 


WASHLNM'iN      AP)    -       All 
nine    Ne«ro   n>emt«rs    of    th* 

log   'I'niari    f/e'irf   '■ 
hotl,  irKjliKKj  Monda.  !> 

House,     'hamne     'h*     "*'Mte 

ern:!"t,!'-    '.rr""*  ''«>is  ^  ' 

Ttttr  spulci':>ni3ii  diJ  lul  :>a. 
Iiow  maiiv  ol  I  lie  2i>'  Minuleman 
ml!>sileb  III  sllus  tt.rougliuul  '  en- 
iril  Moniani  will  t*  repUord 
b.  IiV  aUtliiii'O  niudel  ur  wheii 
lli«  '  uli\«r:>iu<i:>  wuiild  Uke 
plJi>> 

He  sjld  minur  i  lances  in  th« 
silus  vill  be  needed  (ur  the  con- 
versluiis. 

BITTE  (AP)  -  Members  ot 
the  Bulte  puUce  (orct  voted  28-0 
M<mU.  10  accept  a  naltonal  un- 
ion as  Its  Idr^lning  agent, 
making  Hulle  tlie  first  maior 
rlt\  in  Montana  lu  embrace  llie 
id«a  of  a  unlb(iize<l  police  de- 
partment. 

HtLtNA  fAPV-Cov.  forrest 
H.  Anderson  Mondav  appointed 
VinceCiclarl,  WTiiteftsli,  to  the 
Veterans  Weltare  rommissloc. 
Caclarl  replaces  Kenneth  Les- 
lie, Great  falls,  for  a  term  end- 
lDgMi>  18.  1375. 

GREAT  FALLS  (AP)-  Clyde 
Jarvls,  president  of  the  Montana 
Farmers  Union,  has  been  aamed 
by  the  Census  Bureau  to  serve 
ODtlieCensus  Advisory  Commit- 
tee on  Agricultural  Statistics. 

HELENA  :aP)  -  Daniel  L. 
Herbert  Billings  native,  has 
been  aimed  Agricultural  Stalls- 
tl<-lan-ln-Chargefor  the  Montana 
Crop  and  Livestock  Deporting 
Service  in  Helena 


Chic€igo 
Live$tock 


CHICAGO  (A P)  -  (USDA)  - 
Cattle  800.  slaughter  steers 
weak  to  ?5  lower;  few  loads 
high  choice  and  prime  1,225-1,- 
275  lb  sUughter  steers  30  50- 
31.50;  choice  1,000-1,250  lbs 
29,75-30 'iO:  good  27.75-29  00: 
.hoic?  850-1.050  lb  slaughter 
heifers  29.50-30,00;  part  load 
high  choice  and  prime  1,075  lbs 
30  50.  good  27  00-28.50;  ulllil\ 
and  conimerrlal  cows  22.25- 
24  50.  utilllv  and  commercial 
hulls  2C00-2'J,50 

Sheep  lOO;  part  deck  good  and 
iholce  %  lb  shorn  slaughter 
iambs  with  Nol  to  3  pelts  with 
buck  lambs  Included  steady  at 
2n;o, 


2)aU£rVJ 

fvne(al  Directors 

f".    H    D.,1.1    t.rtr  1770 
(Men  M    Ouhi    I'pc.  WJ« 

Dokken-Nelson 

Funerol  Service 


If!    frolk 


T'(.iMS''N  —  ln>q«;.  i;i  Miv^  for 

Mit;Ma    ViU;.    T>.."r-  «|  Mill-- 

l-t-rali'l    '^rtln- -uv  l"  a.m. 

r     •.:■■     'i  'li  Va:;i.h  v-'ath  ii'- 

-  fk-.  Thi'Kj>- 


.\TU.,  Munday. 

Mrs.  Daems  lud  l>een  in 
Phoenix  with  her  brother  (or 
a  week. 

Buckley,- a  native  of  Butte, 
was  well  known-  in  the  D(Jflh- 
wCsi  and  sculhwesl  for  his 
position  as  district  represen- 
tative lor  Knights  of  Columbus. 
He  Ud  made  his  home  in 
Phuenix  (or  a  number  o(  years. 

Survivors,  in  addition  to  his 
si.sler,  include  his  widow,  three 
daughters  and  numerous  grand- 
children. 

Funeral  Rites 

WALTER  OSWALD  WEHRMAN 
f  uneral  services  for  Walter 
Oswald  Wehrman,  of  Belgrade, 
who  died  May  12,  were  con- 
ducted Monday  afternoon  at  the 
UaM  and  Val  ChapeL 

The  Rev.  Robert  Duryee  of 
Belgrade  officuted.  Mrs.  Al 
Potts  WIS  orgmist  and  Charles 
Rice,  soloisL 

Pallbearers  were  Lloyd  H. 
Miller,  Charles  R.  Wheeler, 
James  Lee,  Jess  T.  Erlckson, 
Don  Randell  and  Frank  Reller. 

Burial  was  Id  Sunset  Hills 
Cemetery. 

ALBERT  SCHNEITER 

Funeral  services  for  Albert 
Schneiter  of  Belgrade,  who  died 
May  16,  were  held  Monday  after- 
noon at  the  Dah I  and  Vlai  ChapeL 

The  Rev.  Lyle  Onstad  offi- 
ciated. Mrs.  R.  D.  SmlJey  was 
organist  and  Mrs.  Fred  Wehren 
was  soloist. 

Pall  bearers  were  Clifford 
Barnes,  Lane  Barnes,  Wallace 
Curtis.  Ernest  Wehren,  Lloyd 
Hungate  and  Fred  Wehren. 

Burial  wa  s  In  Meadowvlew 
cemetery  at  Manhattan. 

CARL  E.  VOGEL 

Funeral  services  for  Carl  ^ 
(Cliarlle)  Vogel  of  Route  1,  *  io 
died  May  14,  were  conducted  Sa- 
urday  afternoon  at  the  Dokkeo- 
Nelson  Sunset  ChapeL 

The  Rev.  Lyle  Onstad  offic- 
iated. Mrs.  WUlard  Harper  was 
organist  and  Charles  Rice,  solo- 
ist. 

PiUbearers  were  Charles 
WtUlams,  James  ^  Williams, 

Br^ndor  aod  David  Vogel,  Jr. 
Burul   was   io  Sunset  Hills 

Cemetery. 

EVELYN  U  NELSON 

Funeral  serrlces  for  Mrs. 
P.  K.  (Evelyn  Lucli)  Nelson 
were  conducted  SaturtUy  morn- 
ing al  the  Dokkeo  -  Nelsoo 
Sunsrt  ChapeL 

The  Rev.  Mircttf  Wist  offl- 
cuted.  Mrs.  Nita  Botcibek  wu 
organist. 

Pallbearers  were  AJtId  Gold- 
enstein,  Gerald  GokMnctelo, 
Ja-nes  Storey,  Jim  Br«adM, 
Wiiium  RoUe  lod  G.  S.  Burk- 
hart 

Menbers  of  •the  Hereford 
Aiitiiury  and  Home  Demoo- 
stral^in  Club  atteodcdlsfroopK. 

Burial  «u  Id  SuoMt  HUU 
C"mi't>'ry. 

\<!'S.  .ORA  HACKER 

■i'.     vrvlces  for  Urt. 

•i.ker   o(   511  North 

''      died    May    12, 

■-"  rlrtji  i^»rnoon 


on  what  lb  ki,o»7i  ai  •  the  pro-  l.3»i»  i.ji  iin  xiiuii   .jl  pi  ,.  i.ni. 
cram  conc-pt  of  budgeting  ••       known  Js  the  ix-  ulivi  luo.ii 

Program  budteting  is  essen-  w'li.  hil,c  soviinoi  le  uminnd:! 
tlall,  a  s.stem  of  planning  and  to  the  leL'isUiuri. 
budgeting   b'.    programs    which      Anderson   said  the  iniprov.ij 
are  oriented  toward  long-range  prof  ran,  i.pe  d  l,u.:.el  request. 
«"i'^  ed   b>    the   lei;iiUljre   ill    1..'  • 

To  guide  the  110  sUte  agen-  marks  a    siuiuli'-ihi    ii„pio>c- 
cies  and  Iratilutions  which  are  menl  in  state  Ludt'eiin.  • 
required  to  submit •  budgets  to      The  nuinijal  uowU^iiiv-  «nt  Io 
the  Department  of  Administra-  ilate  agen.  iiMxplaiio  iIlII  oi.e 
tion.   a   lO-page   manual   of  in-  rea:.oi,  for  the  eiupIiaMs  on  pro- 


slructions  has  been  prepared. 

T^  Flooding 

At  Maynard  Creek  on  Brid- 
ger.  where  the  elevation  is  6,- 
210,  there  was62mchesof  snow 
and  a  25rl  .water  content.  Last 
year  the  snowdepth  was  8  inches. 

Sacajawea,  witli  an  elevation 
of  6,550,  had  a  snow  depth  of 
56  inches  and  water  content  mea- 
sured 23.3  inches  on  May  15. 
Last  year  these  mefcurements 
were  ml. 

The  Upper  Gallatin  has  its 
share  of  aiow,  too 

At  Bear  Basin,  elevation 
8,150,  the  snow  depth  on 
May  15  was  76  inches  and  the 
water  content,  31.2. 

There  was  54  inches  of  snow 
at  Little  Park,  elevation  7,400. 
The  water  content  was  21  in- 
ches. 

At  Twenty  -  One  Mile  snow 
course  in  the  Upper  Gallatin  Uie 
elevation  is  7150  and  the  snow 
depth  measured  42  Inches.  The 
water    content  measured   15.8. 

The  critical  flood  situation 
will  continue  to  eiist  until 
the  snow,  particularly  at  the 
lower  elevations.  Is  gone. 

The  biggest  problem  right 
DOW  Is  In  the  East  Galialin 
drainage  area. 

Bridger  Creek  Is  running 
rampant  from  the  Story  Uill 
Road  westward. 

Water  is  running  around  ttie 
doorsteps  of  homes  in  the  area 
of  the  Story  Mill  Bridge.  It's 
over  the  top  of  the  Story  MiU 
Road  and  Manley  Lane  and  ly- 
ing in  pools  in  the  low  pasture 
spots  in  the  area. 

The  dyke  al  the  Riverside 
Country  Clili  Is  holding  back  the 
high  watetSi  of  the  East  r.aiiaim 
this  year  bil  to  the  west,  this 
river  is  rinning  out  of  its  banks 
and  causing  headaches  for  peop- 
le whose  homes  are  in  the  low- 
lying  areas,  particularly  in  the 
vicinity  of  the  Joe  Nelson  roaJ. 

An  Bn> roach  to  the  bridge  on 
the  Joe  Nelson  road  washed  oii 
biK  was  repaired  by  county 
crews  Mooday. 

The  waters  are  also  reported 
high  00  Sixteen  Mile  Creek, 
which  Is  nmiiag  out  of  its  banks 
on  the  micklle  fork. 

Rocky  Creek  to  the  east  of 
Bocemm  Is  also  high  and  out  uf 
Its      banks  in  the  low  sfxis. 

Sourdou(h  (Bcaemao  Creek) 
flowtag  tbrougt  the  eastern  part 
of  the  city  is  posuignoproblerpi 
it  present.  *Ittio«<b  U'tez- 
trtmelir  lu|t: 


tram  bud^celi..;  itiiio  from 
"loiicerii  ItiJt  in  the  pursuit  u( 
short-run  objectives  »e  n;a.  I<« 
lobinj;  si^hi  ul  lar^ei  /ojU." 


Slock  Market 


stock    iiarket 


;Ar)     - 
expeiielic 


The 


■  ijn..riied  with  i-eneia!  .■,•>■ 
li.elil    il.<  ludilk'  !!•-    .',<•' : 
••(111 .  .itid  a'.Mi.i  .     •    •  : 
:i'>.    «ill   In-ak  •'■ 
into  >••■  h  .u-as  as  .  t    ,  : 
:.iii1str.itivi:      ^u).ilr!,      : 
;iunaf.  ::.em,     i.r    i;it>  :J;  ■ 
MieiiUl  reLiti  'll^. 

M-'ijorpjiirani  ari Jl  III  • 
'  Jtim.   .ii.'e»>  leS    <  uuld   !<     |: 
iiijr-  and  >e  ondai'-  ed*.  Jti' 
hi.lier  I  Jj  a!Mi.  bp<.  i.il  1  : 
tion  and  adiiiimslr.iti' :. 

Yoi  XCf.'  Ie>dejllli.   »ll'   ■ 
iinnii'  drvelopineiil  .ii.d  i< 
tiuh.  the  n.jjor  pruT-ihi  ■■; 
ma.  lie  Iiw-5lo<  k  aiiO  j  : 
I'lre,  1  oiiimer>  ulainl  in.lii>!; . 
Ul  (UpaliuiuUiid  adniiiii>irji: 

Uilhii.  sui  h  nujkif   pu«i 


,j    a  areas,  tlieafi  nui'b  will  li-i  1 


LManis  and  bu!>pro('raii.s 
rill  biKlcet  dire  tor  - 1 


Frank  Dunkh 
Hospitalized 


HELENA    (AP) 


Miiiit. 


sliarp,  broid  slump  eirl;   this 
afternuim  a-  the  Do*   loies  in- 
dustrial 3vera,;e  w.-iil  lielow  the  -iBenc)  lias  ln-en  J>ki  i  :.•  ^■ 
700  level  "'<■'  instrui  lion  manu.il  ■  .u<f. 

Al  noon,  tlie  lio*  averaie  o(  U-toreworkiiigon  l->7l-7J  lihl 
JO  blue  chips  «si  0.1   l)\    5  38  requests 
points  at  C07  43    Trading   *ii 
quiet 

Todai'sdownturii  ended  j  ral- 
ly tliat  started  late  Tliursda\ 
and  sent  the  averai'e  ahead 
more  tlian  17  points  l-ridav. 

Decliniiip  issues  on  the  "<ew 
York  Stock  Lxdance  held    an 

almost  2to-l  advanlafe  over  Ush  and  Came  Department 
jainers.  Winners  and  losers  had  ^5,.,^^  i-rankDunkle  has  1. 
been  about  even  at  the  session's  hospitalized  In  Helena  follow 
st.irt. 

The  Associated  Press  CO-stock 
average  *-as  off  1  0  ,it  245.3.  In- 
dustrials were  o[(2.G,  rails  ol(  .5 
and  utilities,  up  . 

Motors,  rubber  issues,  air- 
crafts  and  eleitruiiMs,  were 
gcneralh  lower.  Toba.  cos  and 
drugs  Were  t;enerall\  higher. 

Anahstsliad  expected  the  vol- 
ume to  increase  today  with  the 
expiration  .Mondav  of  the  mas- 
sive American  Telephone  4 
Telephone  rights  offering.  The 
offerinj;   was  U'llcved  to  love 

drained  o((  large  qiuntlU»s  o^^jplJ  Unri,  \k„„| 
funds  (rom  the  stock  market.  '^'''"  """^   *"""' 

Prices  on  the  1"^;  Hoard's  3  Wn'ks  Hcllind 
most-active  list  in.  UjOimI  Phelps 
Dodge,  off  2  1/2  at  44;  Meinurex, 
off  3/8  at  77  5/8;  Hewlett-Pack- 
ard. oO  1  -  at  3o  .  .  I'lnn  l.eii- 
tral.  off  r.  at  14'..  and  Air 
Products,  off  I'l  at  37'. 

Pn''e5;  ontTiC  AirrrtrairStnnc 
Exchange's  iimsUi' tive  list  In- 
cluded Heseari  h-i  oiirell,of(5", 
al    20",  .   Saxon   Industries,   off 


a  mild  heart  attack. 

Keith  A.  Freseman,  dei 
Fish  and  Game  director  - 
the  45-year-old  Dunkle  was  ! 
en  to  St.  Peters  Hospital  j' 
he  became  111  at  home. 

A  spokesman  (or  the  hosp 
said  Dunkle  was  in    "i;oud 
dllion  and  resting  cninfurtal. 

Dunkle  has  dire.led   the 
partment,    one    of   Hie    siai 
largest  agencies,  sin.e  his 
poliitmenl  in  SepteinUr  of  I'. 


3'.  at  4C.  Ar^us    up  1  at  4'; 
and  Dellona.  off  4  at  27^  < 

Ptrtlond  groin 

WWb*     &•«     to     »"!*»     ■<'>•'>•<      *i«      1 
WM»t       J^t 

•  ■'«•»      kid      ••      •"^•»      '^'\0        1^**f 


N» 


'>•(>*      tf      >'•« 


HI  1  WA  ;A1>'  A.t  w... 
er  3r»(l  niiidd\  fi<-l<l'.  Favr  *u% 
peroil  .sprtiir  Mclirr  Tin-  V- 
taru  x^^-attii-r.  <  rep  arnj  I  . 
^to<k  hiilU'lir.  said  with  U* 
work  ^Utut  thn-.'  wfi'k*.  N-li' 
iiorniat 

Tin  hulifllr.  said  Ir.  mv. 
areas  of  the  ,stat..  !is'  »■»• 
rain  I'Htiu'ft'  S'  •tiifif  1.  J  ■ ' 
slaiKistjii 

A',  ..f  1..-.I   »  ri'ti.     M.-.li-. 
^priiit'  whi-al  w<i*.   20  jn  r 
<oir.|)ltt*.  'i.I'i|hihI  wH'.  •■ 
'  iht  ul   t   -cai  Mt.  'Si-  sJfi.t 

I'..ir(.'.    'inllinr   was   > 
'I't.I'  'iK.t'H-H-.  tht    hi.lHtH 
r(in.p.iit  ''  »iJ^    >'•  pi't   "  :■' 
•  car    M  '      iti-ar!****!    T'  ' 
wt*-  li:  t< '!  a-,  "•  jn-r   ■  •  u' 
plHi*<I.  V'luT  M'fit  If'.s  W" 
\i.'Aj     .li   !I.ls    UU- 

Til  r;'il|i!ir'-tiO  (Im  '••'• 
of  *-ir.'t  •   ■i'*j'.t'  !'    lii'    '.■ 


1       W.M 
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